Résumé. 2014 A travers les résultats obtenus sur des jonctions Au-Si(100), nous présentons les principales caractéristiques de 
Introduction.
Since its invention in 1981, the Scanning Tunneling Microscopy has proven to be a suitable tool for surface investigation [1] . Indeed, the exponential dependence of tunneling current in terms of tip-sample distance allows determination of the surface atomic structure with a resolution better than 0.1 nin. However, the informations only concem the first surface layers or, at the most, the layer just below the surface for certain reconstructions [2] .
This lack has been partially filled after the pioneering work of Kaiser and Bell in 1988 [3, 4] . These In this paper, we illustrate the possibilities of BEEM through the results obtained on thin gold films evaporated on Si(100). We discuss the effects of the electron scattering in the gold film and at the interface. Spectroscopy with reverse bias voltages also allows direct characterization of carrier-carrier scattering. BEEM images illustrate the non-homogeneity of these peculiar heterojunctions.
Experimental.
The experiments have been carried out on a conventional home-made pocket size STM described elsewhere [5] . The experimental setup is described in figure 1 Figure 2a shows a spectrum achieved at a constant lateral position on the Au surface with a tunneling current of 3 nA. As expected, the curve shows a characteristic threshold around 0.8 eV Below this value, the collector current is nearly zero (le is equal to the noise of all the setup, i.e. around 1 pA). Beyond 0.8 eV, Ic increases and reaches 100 pA for V = 1.6 volts. Figure 2b is the derivative of figure 2a. These two curves illustrate the behavior of injected electrons when their energy exceeds the threshold. On the one hand, the derivative is quasi linear between 0.8 and 1.1 V which suggests a square law behavior of the collector current as a function of voltage above threshold. On the other hand, the spectrum slope tends to decrease above 1.5 V and the original data reach a saturation at 2.4 V This is clearly evidenced in the derivative curve Figure 4 is a spectrum taken with a tunneling current of 20 nA in order to increase the signal to noise ratio. It is important to observe that the collector current Ic has the same sign: we do detect a current of electrons in the semiconductor. Secondary electrons are therefore created and collected in the semiconductor. The spectrum always presents a threshold around 0.8 eV but the current increase is weaker beyond Fig. 2. -a) Ballistic current in terms of sample bias voltage for a gold thickness of 7.5 nm and a tunneling current of 3 nA (black marks). Only every third point from the original data set is shown. The dotted line results from a calculation using equation (2) figure 6 . Path "1" corresponds to an electron which k// component is relatively small. This electron is refracted in the semiconductor and participates to Ic. The trajectory "2" is associated to an electron with large k//. This electron is reflected in the metal layer. The case "3" is also impossible: either the multiple inelastic interactions have considerably reduced the incident energy of this carrier or the covered distance with only elastic scattering is larger than its mean free path in the bulk. This effect could be taken into account by calculating the critical angle Be between the incident electron path and the normal to the interface N (see Fig. 6 ). This angle is given by the following relation [4] :
where mt is the electron effective mass parallel to the interface within the semiconductor, m îs the free electron mass, EF is the Fermi energy and V the tip-sample voltage.
For silicon in which mt is equal to 0.1 m, we obtain a critical angle of 5°50 for V = 1.5 volts. This angle is therefore relatively small and explains the resolution of this new microscopy: for an Au thickness of 10 nm, the resolution at the interface is 1.7 nm. Each spectrum gives the local electronic characteristic of the MS interface with this high resolution. The same properties apply to the BEEM images.
Interpretation of the experimental spectra has been furnished by Kaiser and Bell in their first paper on BEEM [3] . This one dimensional theoretical model has been later improved by two dimensional calculations [4] . The authors have used the formalism, introduced by Simmons in 1963 for tunneling between planar electrodes [7] , to describe both tunneling and collector current.
Hence, the collector current may be written as:
where C is a constant, E_L and EII are the energy perpendicular and parallel to the interface respectively, f (E) is the Fermi-Dirac function and D (E..L) is the well-known expression for the transmission probability of a square barrier. Emin and Emax are given by the energy and momentum matching conditions at the interface. R is a measure of attenuation due to scattering in the metal layer. In the calculations, the collector current only depends on two parameters: the Schottky barrier height VB and R.
We have used this formalism to fit the experimental data in the case of low bias voltages, i.e. at the most 0.5 V above the threshold. The dotted line in figure 2a is a curve calculated by this formalism with R = 0.162 eV-1 and VB = 0.74 V As expected, the model accounts for the spectroscopic results in the low voltage case. Kaiser et al. [4] have also demonstrated the calculated spectra have a square law behavior just above threshold as observed in the derivative of figure 2b.
Beyond these voltage values, equation (2) is less accurate: the calculated values are greater than the experimental data (see Fig. 2a above 1.5 V) . The tendency to reach saturation in the experimental spectra has been theoretically studied by Prietsch and Ludeke [8, 9] . These authors add in equation (2) a function that accounts for the variations with energy of the electron mean free path (we have to kept in mind that R is an energy independent constant in (2)). Indeed, it has been shown in previous works that, in the eV range, the mean free path Àe-e due to electronelectron scattering decreases when the energy increases [10] . In figure 2a , the solid line has been calculated after introduction of inelastic scattering in the gold film in the form of an exponential function. This example underlines the abilities of BEEM to study the transport properties of low energy electrons through thin metal layers.
More generally, we have used the simplest formalism (2) to fit all the spectra yielded during the experiments in the low energy range. Taken the accuracy of the method into account, i.e. around 50 meV, we find the Schottky barrier height is constant for this MS interface (~ 0.77 eV). The variations of Ic rather arise from the fluctuations of the R parameter. This value is smaller than those usually obtained by BEEM on Si substrates [4] or by other techniques [11] (generally above 0.8 eV).
The same Schottky barrier height at the MS interface is still evidenced in the spectroscopy with negative sample voltages because there is no current below a certain voltage which is also equal to eVB. The mechanisms at the origin of these observations include carrier-carrier scattering in the Au layer. At negative sample voltage, a ballistic hole distribution is created in the gold film. Hot electrons may be produced by scattering of some holes with equilibrium electrons and collected in the semiconductor [12] (see Fig. 7 ). The presence of a collector current is only due to carriers which undergo scattering events. As this current may be relatively important (&#x3E; 50 pA), we can conclude that the carrier-carrier scattering appears to be the dominant interaction in transport throughout the thin metallic layer.
Previous works on Au-Si junctions present similar STM topographies but very uniform BEEM images [4, 6] . Our We assume that the unusual large domains where low or high ballistic currents are observed, may be attributed to interface domains rather than to different surface properties. Interface defects and intermigration are assumed to play an important role in the variations of injection yield [13] . Oxides on the Si(100) substrate are undoubtedly present before gold deposition. This could account for the relative low barrier height observed during the spectroscopic measurements as reported in previous papers where techniques such as I (V ) or C(V ) measurements have been used [14] . As suggested in [15] , no BEEM current is observed when the interface oxide layer is too thick. In this case, darker areas in the BEEM image could correspond to interface domains with thicker oxide layers. This oxide layer, that considerably decreases the electron mean free path at high kinetic energy, could also account for the saturation of the spectra at high voltage.
Interpretation of these BEEM images is therefore assumed to be tighly dependent of the interface quality, i.e. substrate cleanness before metal deposition, quality of the first métal layers,... Further experiments are necessary to resolve this problem. However, BEEM reveals the heterogeneity of the MS junction and then appears to be of fundamental importance for Schottky junction optimization. 
